Neuroplasticity and long-term potentiation (LTP) in the dorsolateral prefrontal cortex (DLPFC) are considered important mechanisms in learning and memory, and their disruption may be related to the pathophysiology of several neuropsychiatric disorders. Paired associative stimulation (PAS) is a brain stimulation paradigm that produces enhanced activity in the human motor cortex that may be related to LTP. In a group of 15 healthy participants, we report on the potentiation of cortical-evoked activity in the human DLPFC using the combination of PAS and electroencephalography. In contrast, a PAS control condition did not result in potentiation in another group of nine healthy participants. We also demonstrate that PAS-induced potentiation of cortical-evoked activity is characterized by anatomical specificity that is largely confined to the site of stimulation. Finally, we show that PAS results in potentiation of y-and g-activity and y-phase-g-amplitude coupling. These neurophysiological indices may be related to working memory, an important function of the DLPFC. To our knowledge, this is the first report of potentiation of cortical-evoked activity in the DLPFC. As this potentiation may be related to LTP, our findings provide a model through which neuroplasticity in health and disease states in the frontal cortex can be studied.
INTRODUCTION
The dorsolateral prefrontal cortex (DLPFC) is involved in a variety of executive functions, which have a role at various stages of memory formation and retrieval (Fuster, 2008) . These functions include working memory (Goldman-Rakic, 1995) , encoding information (Blumenfeld and Ranganath, 2006) , and recall of information (Ranganath and D'Esposito, 2005) . Although the neuronal mechanisms that underlie DLPFC functions are still not fully understood, Hebbian plasticity, particularly long-term potentiation (LTP), is thought to have a critical role. Reverberating circuits within the prefrontal cortex and between the prefrontal cortex and more posterior cortices provide the substrate for mutual and coincident excitations among neurons (Fuster, 2008; Petrides and Pandya, 2002) . Such mutual and coincident excitations would facilitate LTP and the formation of associations during DLPFC functions (Brunel and Wang, 2001; Zipser et al, 1993) .
Paired associative stimulation (PAS) is a brain stimulation paradigm that induces in vivo LTP-like increases in activity in the human cortex (Stefan et al, 2000) . Recognizing that potentiation of cortical activity may not directly reflect the molecular and cellular changes that accompany synaptic LTP, PAS induces potentiation of cortical activity by simulating spike-timing-dependent plasticity paradigms (Markram et al, 1997) . PAS consists of repeatedly delivering pairs of stimulations that occur contemporaneously in the cortex (eg, 180 pairs at 0.1 Hz for 30 min). When applied to the motor cortex (M1), PAS consists of pairing electrical stimulation of the median nerve with-25 ms latertranscranial magnetic stimulation (TMS) of M1. This interstimulus interval (ISI) of 25 ms is necessary for the two stimulations (peripheral nerve stimulation and TMS) to arrive simultaneously in M1 and result in potentiation of TMS-induced motor-evoked potential (MEP) in the corresponding muscle. MEP potentiation is the conventional index of M1 plasticity. This potentiation is proposed to be LTP-like given that it is characterized by associativity (ie, the need for a specific interval between the presynaptic inputs that arrive from different cortical regions), input specificity (ie, potentiation is focal and not distributed), and dependency on the N-methyl-D-aspartate (NMDA) receptor (Stefan et al, 2002) .
No studies have been conducted to assess PAS-induced potentiation of cortical activity in the DLPFC. The challenge has been to identify a neurophysiological marker for the DLPFC that is analogous to MEP potentiation for M1. In this study, we investigated whether PAS results in the potentiation of activity in the DLPFC by combining TMS with electroencephalography (EEG) and using potentiation of cortical-evoked activity (CEA) as analogous to MEP potentiation. To assess whether PAS results in potentiation of CEA in the DLPFC, we combined peripheral nerve stimulation of the right median nerve with TMS to the left DLPFC using an ISI of 25 ms. The rationale for stimulating the median nerve and using ISI of 25 ms as in PAS in M1 was based on a number of neuroanatomical and neurophysiological studies in rodents (Golmayo et al, 2003; Vaneden et al, 1992) and non-human primates (Goldman-Rakic, 1988; Petrides and Pandya, 1984) . These studies are also supported by neurophysiological findings in humans. Stimulation of the median nerve produces a somatosensory-evoked potential over the contralateral frontal brain region of 24 ms latency (N24) (Larrea et al, 1992; Valeriani et al, 1997) , with maximal amplitude at electrode F3, which overlies DLPFC (Larrea et al, 1992; Valeriani et al, 1998) . This approach is consistent with several PAS studies in M1, where the ISI was chosen based on N20 peak of the somatosensory-evoked potential (Potter-Nerger et al, 2009; Ziemann et al, 2004) . Using magnetoencephalography, activation of DLPFC has also been shown to occur in response to an oddball task that demands attention to median nerve stimulation (Huang et al, 2005a) . Attention to median nerve stimulation, and hence DLPFC involvement is necessary (although not sufficient) in PAS (Stefan et al, 2004) . These neurophysiological findings and the rich connections between the somatosensory and the prefrontal cortex suggested that PAS to the median nerve and DLPFC would result in potentiation of CEA in the DLPFC.
Cortical oscillations in the g-and y-band have an important role in the physiology of the DLPFC. For example, frontal midline y-power increases with increased working memory load (Gevins et al, 1997) . g-Oscillations in the frontal cortices have also been shown to increase linearly with an increase in working memory load (Howard et al, 2003) and to be associated with working memory deficits in patients with schizophrenia (Light et al, 2006) . y-Power is also high in the frontal regions during visual and non-visual tasks (Voytek et al, 2010) . Further, modulation of g-amplitude by y-phase ('y-g coupling') has been associated with DLPFC function, particularly working memory Lisman and Idiart, 1995) . Local neuronal networks that include recurrent perisomatic GABAergic inhibition onto excitatory and inhibitory neurons are essential for the generation of g-oscillations (Bartos et al, 2007; Buzsaki and Wang, 2012b) . Local and longer-range networks that include axoaxonic inhibition onto excitatory neurons, and excitatory input on apical dendrites of pyramidal neurons have also been implicated in the generation of y-oscillations (Buzsaki, 2002; Pignatelli et al, 2012) . These findings imply that robust plasticity at these synapses is critical in the generation of y-and g-oscillations, and that the induction of plasticity in the prefrontal cortex would also manifest in an increase of g-and y-band EEG activity, as well as potentiation of y-g coupling.
Thus, the objective of this study was to evaluate PASinduced potentiation of CEA in the DLPFC. It was hypothesized that (1) PAS delivered to the DLPFC will result in potentiation of CEA, (2) potentiation of CEA will be localized to the site of stimulation (ie, DLPFC), and (3) potentiation of CEA would be band-specific, with potentiation limited to y-and g-bands frequencies, as well as y-g coupling.
PARTICIPANTS AND METHODS

Participants
Participants were aged 18-50 years, as several studies pointed to changes in cortical neuroplasticity around 50 (eg, MullerDahlhaus et al, 2008) ; females and males; of all races and ethnicities; had no neuropsychiatric disorders; on no medications or substances that affect the CNS; right-handed to ensure homogeneity in hemisphere dominance; had no contraindication to TMS (Rossi et al, 2009) or MRI; and not pregnant. All participants provided written informed consent. In total, 15 participants received PAS and nine received a PAS control condition for comparison (see below).
Localization of DLPFC
Following published methods (Rusjan et al, 2010) , we localized the left DLPFC using a T1-weighted MRI scan, the MRIcro/reg software, and the MINIBIRD system (Ascension Technologies, Burlington, VT). Stimulation of DLPFC was directed at the junction of the middle and anterior one-third of the middle frontal gyrus (Talairach coordinates (x, y, z) ¼ ( À 50, 30, 36)).
EEG Recording
To measure CEA over the left DLPFC, we acquired EEG through a 64-channel Synamps 2 EEG system. All electrodes were referenced to an electrode positioned posterior to Cz electrode. EEG signals were recorded using DC and a lowpass filter of 100 Hz at 20 kHz sampling rate, which was shown to avoid saturation of amplifiers and minimize TMSrelated artifact .
EEG Data Preprocessing
EEG recordings were processed offline using MATLAB (The MathWorks, Natick, MA). EEG data were first downsampled from 20 to 1 KHz and segmented with respect to TMS stimulus such that each epoch included 1000-ms prestimulus baseline and 2000-ms post-stimulus activity. Epochs were baseline corrected with respect to the TMS-free prestimulus interval (1000-110 ms before the TMS stimulus). The baseline-corrected post-TMS stimulus intervals (25-1025 ms), which were not contaminated by TMS artifact, were extracted and digitally filtered by using a zero-phase shift 1-120 Hz bandpass filter. Epochs were then visually inspected and trials were excluded if they had amplitudes larger than ± 100 mV; channels with flat EEG; or a pervasive artifact across a majority of channels (eg, head movement artifact). If a channel was exhibiting an artifact across most epochs, then the channel was extracted. The 60-Hz powerline artifact was removed from each trial across all channels by using the Thomson F-test based on multitaper spectral estimate techniques (Percival and Walden, 1993) . After power-line rejection, the artifact affected electrodes, and epochs were rejected automatically using related functions from EEGLAB toolbox.
Then, two rounds of independent component analysis (EEGLAB toolbox) were performed to reject TMS artifacts and eye-blink traces from the EEG data. Finally, an average signal was obtained from each electrode for every participant.
Electromyography Recording
Following established methods , we recorded EMG from the right abductor pollicis brevis muscle and determined each participant's resting motor threshold (defined as the minimum stimulus intensity that elicits an MEP of more than 50 mV in 5 of 10 trials). One hundred and twenty percent of the resting motor threshold was then used to begin the determination of the stimulus intensity of 1 mV (SI 1 mV ), that is, the intensity of TMS that is needed to produce mean MEP amplitude of 1 mV peak-to-peak at baseline over 20 TMS trials. The final SI 1 mV was then used in all subsequent measurements of CEA in DLPFC.
PAS and TMS-EEG in DLPFC
We applied TMS to the left DLPFC as localized through neuronavigation (see above) using a 7-cm figure-of-eight coil and a Magstim 200 stimulator (The Magstim Company, Whitland, UK). To stimulate the left DLPFC, we delivered 100 single pulses of TMS at SI 1 mV at 0.1 Hz. During stimulation, we recorded CEA using Neuroscan (Compumedics, Charlotte, NC) from the EEG electrode that corresponded to the DLPFC and over which the TMS coil point-of-stimulation was placed. CEA was then defined as the rectified area under the curve (AUC) for these electrodes. The mean CEA generated from the 100 EEG recordings that correspond to the 100 TMS pulses was used in the final analyses. The time cutoffs used for calculating AUC were 50 and 275 ms after TMS stimulus. The 50 ms cutoff was chosen as it represents the earliest artifact-free data that can be recorded after TMS stimulus. The 275 ms cutoff was chosen as it represents the end of the last timewindow during which potentiation of CEA was still significant after PAS (Figure 1) . Then, we delivered PAS, which consisted of 180 peripheral nerve stimulations delivered to the right median nerve, each paired with a single TMS pulse delivered to the left DLPFC. The median nerve stimulation preceded TMS by an ISI of 25 ms. This ISI was designed to generate approximately synchronous arrival of both inputs in M1 and was reported to potentiate markedly the TMS-induced MEP following PAS in M1 (Stefan et al, 2000) . Pairs of electrical stimuli and TMS were delivered at 0.1 Hz during a 30-min period to reach a total of 180 pairs. Electrical median nerve stimulation was delivered at 300% of the sensory threshold. The sensory threshold was determined as the lowest peripheral nerve stimulator intensity for which a participant perceives sensation in the median nerve sensory distribution. TMS was delivered at SI 1 mV . Attention during PAS has been previously demonstrated to have an important role in PAS in M1 (Stefan et al, 2004) . To maintain the attention of participants during PAS, we asked participants to look at the hand being stimulated and count the total number of stimuli delivered over the 30-min period of PAS. Although all participants were aware that the duration of PAS was several minutes, they were not Figure 1 Time series of potentiation. This figure illustrates the time frame for overall potentiation following transcranial magnetic stimulation (TMS) pulse. Using the ratio of cortical-evoked activity (CEA) post-paired associative stimulation (PAS)/CEA pre-PAS for every 100-ms window after TMS with increments of 1 ms, we identified two time-points after TMS: the first is the earliest time-point of the first 100-ms window when the mean ratio becomes significantly larger than 1 (horizontal blue dashed line) and it occurred at 44 ms after TMS. This 100-ms window is indicated by its midpoint (94 ms-left vertical blue dotted line) on the graph. The 50 ms cutoff that was used in calculating the area under the curve for overall potentiation and that was chosen to minimize TMS artifact falls within this window. The second time-point is the end of the last l00-ms window during which the mean ratio remains significantly 41 and it occurred at 275 ms after TMS. This 100-ms window is also indicated by its midpoint (225 ms-right vertical blue dotted line) on the graph. This second time-point is what we used as the second cutoff in calculating the area under the curve for overall potentiation. Each data point (solid red line) represents the midpoint of a 100-ms window and corresponding median CEA ratio for that window. Dotted red lines: ± 1 SEM. Black double-arrow: timeframe in which CEA ratios for all contiguously sliding 100-ms windows were significantly higher than 1.
Plasticity in the dorsolateral prefrontal cortex TK Rajji et al aware of the frequency of the paired stimuli, nor of their total number. At Time 0, 15, and 30 min after PAS, we measured CEA according to the same methods described above for measuring CEA pre-PAS. These time points have been selected based on the time points at which maximum potentiation has been demonstrated in M1 (Frantseva et al, 2008) . We then calculated PAS-induced potentiation using CEA at each of these three time-points using CEA ratio ¼ CEA after PAS/CEA pre-PAS. As the post-PAS timing of maximum potentiation of CEA could vary among participants, we selected the maximum CEA ratio for each participant after PAS. Thereafter, we log-transformed these ratios to correct for skewed distribution, as a ratio cannot be smaller than 0. We used one-sample t-test to test for significant potentiation.
PAS Control Paradigm
Following the same rationale, and as a control condition, we applied PAS with an ISI of 100 ms (PAS-C) in a separate group of nine healthy participants. An ISI of 100 ms has been shown not to result in potentiation of cortical activity in M1 (Stefan et al, 2000) . Thereafter, using independent samples t-test, we compared mean maximum CEA ratios between the two groups: the group that received PAS with ISI of 25 ms and the group that received PAS-C with ISI of 100 ms.
Spatial Specificity of PAS-induced CEA Potentiation
We assessed the spatial specificity of PAS-induced CEA potentiation at the target by comparing potentiation across all left (AF3, F3, F5, and F7) and right (AF4, F2, F4, F6, and F8) frontal electrodes, and global potentiation as captured from all electrodes to the reference value 1 using onesample t-test and Bonferroni corrections for multiple comparisons. We then compared potentiation across all left frontal electrodes to potentiation across all right frontal electrodes using paired samples t-test. This was conducted to evaluate the contention that CEA potentiation is input specific and, therefore, closely related to LTP.
Frequency-Specific Potentiation
Following previously published methods , we used Matlab (The MathWorks, Natick, MA) and the EEGLAB toolbox to filter the EEG into the traditional frequency bands of d (1-3.5 Hz), y (4-7 Hz), a (8-12 Hz), b (12.5-28 Hz), and g (30-50 Hz) by using a zero-phase shift filter. Once the signal was filtered into the appropriate bands, we obtained AUC and CEA ratio following the same procedure as for overall CEA described above. We then assessed potentiation within each frequency band using one-sample t-test and Bonferroni corrections to correct for testing for each of the five bands.
Effects on h-c Coupling
We measured y-g coupling as a relationship between the y-phase and the g-amplitude. We performed the analysis on the time-averaged file of each participant using Matlab by adapting previously published methods (Axmacher et al, 2010; Tort et al, 2010) and further developed in patients populations (Kirihara et al, 2012) . We first filtered the signal into separate y-and g-waveforms with a zero-phase shift filter and then applied the Hilbert transform. Using the phase information of the y-wave, we sorted the corresponding g-amplitudes into six bins (ie, À 1801 to À 1201, À 1201 to À 601, À 601 to 01, 01-601, 601-1201, 1201-1801), and then averaged them. As the angle values correspond to a cosine reference, zero degrees correspond to a peak of the waveform. To quantify coupling, we used an entropy-based modulation index (MI) (Tort et al, 2010) :
Where N is the number of phase bins, log(N) represents the entropy of a uniform distribution, P is the relative amplitude distribution sorted according to phase bins, and H(P) is the entropy of the P distribution, which is calculated as:
We calculated the relative amplitude distribution P for each participant by dividing the amplitude of each phase by the sum of all amplitudes across bins. This maximum entropy for such a relative amplitude distribution happens when the amplitude is 1/N, which occurs when the distribution is uniform. As an increase in coupling represents an increase of order, higher coupling translates to lower entropy H(P), which in turn results in a high MI value.
To assess whether coupling is present pre-PAS or after PAS, we compared the observed values to surrogate data. We generated surrogate data for each participant by maintaining the amplitude spectrum while randomizing the phase (Axmacher et al, 2010) . A total of 200 iterations were carried out to generate an empirical distribution under the null hypothesis of no coupling. To assess whether PAS had any effect on coupling, we used the pre-and post-PAS and pre-and post-PAS-C MI distributions and performed a two-factor analysis of variance with Group (PAS vs PAS-C) as factor 1 and Time (Pre vs Post) as factor 2. The choice of the post-PAS or PAS-C time-point for each participant was based on the maximum time of potentiation for the g-frequency band.
RESULTS
PAS-Induced Potentiation of Cortical Excitability
We applied PAS to the left DLPFC of 15 right-handed healthy participants (mean age ¼ 27.5 ± 5.5; F ¼ 5; 33.3%; mean resting motor threshold ¼ 41.2 ± 5.9). Participants' mean count of the paired stimulations (an index of attention known to be critical for the induction of potentiation of cortical excitability by PAS) was 182.3 ± 5.7, not significantly different from 180 (t 14 ¼ 1.6, p ¼ 0.14), suggesting that participants were attending to PAS. Among these 15 participants, there was significant potentiation of CEA (mean CEA ratio ¼ 1.34±0.44, t 14 ¼ 3.40, p ¼ 0.004, Cohen's d ¼ 0.88).
We applied PAS-C with an ISI ¼ 100 ms to the left DLPFC of nine right-handed healthy participants (mean age ¼ 27.9±7.1; F ¼ 3; 33.3%; mean resting motor threshold ¼ 43.9 ± 4.4). Participants' mean count of the paired stimulations was 175.6 ± 12.4, not significantly different from 180 (t 8 ¼ À 1.08, p ¼ 0.31]), suggesting that participants were attending to PAS-C. Among these nine participants, there was no significant potentiation of CEA (mean CEA ratio ¼ 0.90±0.22,
Comparing the two groups (PAS vs PAS-C), participants did not differ in age (t 22 ¼ 0.14, p ¼ 0.89), sex (w 
Spatial Specificity of PAS-Induced Potentiation of CEA
We found that potentiation at the target electrode (as reported above) and across left frontal electrodes was significantly 41 (t 14 ¼ 5.26, p ¼ 0.000; Cohen's d ¼ 1.36), but not across right frontal electrodes (t 14 ¼ 2.0, p ¼ 0.19), or globally (t 14 ¼ 0.81, p ¼ 1.0) (Figure 4) . We also found that potentiation across the left frontal electrodes was significantly higher than that across right frontal electrodes (t 14 ¼ 2.69, p ¼ 0.018).
Frequency-Specific Potentiation of Cortical Excitability
With respect to frequency-specific potentiation, as expected there was potentiation within the g (t 14 ¼ 4.00, p ¼ 0.005, Cohen's d ¼ 1. 
Effects on h-c Coupling
Compared with surrogate data, we found that there was significant coupling in response to TMS both pre-and after PAS or PAS-C (p'so0.005). We also found that there was a significant interaction between Group (PAS vs PAS-C) and Time (Pre vs Post): F 1,44 ¼ 5.53, p ¼ 0.023. Post hoc analyses revealed that MI was not significantly different between 
DISCUSSION
In this report, we present the first demonstration of PAS-a brain stimulation paradigm that simulates synaptic spiketiming-dependent plasticity (Markram et al, 1997) induces potentiation of CEA in the human DLPFC. We also report that this potentiation is associative in nature as it depends on an optimal ISI between the two paired inputs; that it is input-specific as it is localized to the side of stimulation; and that it is associated with robust potentiation within the g-and y-frequency bands, as well as their coupling.
EEG indexes cortical activity that is associated closely with synaptic activity (Buzsaki et al, 2012a) . In turn, TMS produces trans-synaptic activation of the cortex (Rothwell, 1991) . Thus, our findings suggest that weak synapses that are not stimulated in response to single-pulse TMS before PAS are strengthened by PAS. This strengthening of synapses (ie, LTP) translates into potentiation of CEA as captured by EEG. PAS-induced CEA potentiation may be related to LTP for several reasons. First, the associative property of PAS-induced CEA potentiation is analogous to the associative nature of synaptic LTP (Barrionuevo and Brown, 1983) . Second, the input-specificity of PAS-induced CEA potentiation-it was demonstrated in the left frontal cortex and not in other cortical regions-is analogous to the input-specific nature of synaptic LTP (Nishiyama et al, 2000) . Finally, the fact that PAS resulted in potentiation within the g-and y-frequency bands is also consistent with a synaptic effect. g-Oscillations depend on local recurrent perisomatic inhibition onto excitatory and inhibitory neurons (Bartos et al, 2007; Buzsaki and Wang, 2012b) . y-Oscillations are also dependent on functional local and longer-range networks (Buzsaki, 2002; Pignatelli et al, 2012) . Thus, potentiation within these two frequencies suggests that PAS activates new synapses that are elements of such networks.
Modulation of y-and g-oscillations and their coupling are proposed as neurophysiological indices of DLPFC function, especially working memory Lisman and Idiart, 1995) . In particular, it is proposed that each g-oscillation that is coupled to a specific phase of the y-cycle represents specific information. Consequently, with each y-cycle this information is reactivated as the g-oscillations are reactivated. Moreover, the order of various g-oscillations represents the ordering of different information, which is an important aspect of working memory. The relationship between y-g coupling and working memory has been demonstrated in humans using intracranial (Axmacher et al, 2010) and scalp (Park et al, 2013 ) EEG recordings. Thus, our finding of PAS-induced potentiation of y-g coupling suggests that PAS activates neuronal networks and synapses that are likely to be activated when the DLPFC is behaviorally engaged in working memory task (Gevins et al, 1997; Howard et al, 2003) . It also suggests that PAS could enhance working memory through the enhancement of y-g coupling in populations with impairments in working memory and associated neurophysiologic markers (Light et al, 2006) . Notwithstanding the relationship between frontal g-and y-oscillations and working memory, these oscillations have been associated with a broad range of cognitive functions. These functions span from simple perception such as auditory processing (Galambos et al, 1981) to higherorder cognition such as executive functions and social cognition (Uhlhaas and Singer, 2006) . Thus, the implications of our findings may be limited to non-working memory functions or could span across various levels of cognition.
Other neurophysiological paradigms have been developed to assess neuroplasticity and LTP-like activity in the human cortex. Simulating in vitro high-frequency stimulation, sensory stimulation plasticity paradigms assess LTP-like activity in the auditory or visual cortices through the repetitive delivery of auditory or visual stimuli in combination with the measurement of auditory or visual-evoked potentials (Clapp et al, 2012) . y-Burst stimulation is a TMSbased paradigm that simulates in vitro y-burst stimulation in generating LTP-like activity. It has mainly been used to assess plasticity in M1 (Huang et al, 2005b) . Transcranial direct current stimulation is another brain stimulation method that also has been used to assess plasticity in M1 (Nitsche and Paulus, 2000) . Simulating spike-timing-dependent plasticity, our study demonstrates LTP-like activity directly from the DLPFC. Whether or not our findings relate to other forms of plasticity (eg, sensory-or y-burst stimulation) remains to be determined.
Our study has some limitations. One limitation is that we used the same ISI of 25 ms as the one used in M1. Although Figure 5 Paired associative stimulation (PAS) effects on y-g coupling. This figure illustrates that PAS and not paired associative stimulationcontrol condition (PAS-C) increases the modulation index (MI) of y-phase g-amplitude coupling (y-g coupling) in the dorsolateral prefrontal cortex (DLPFC). MI in response to transcranial magnetic stimulation (TMS) is significantly greater than MI of surrogate data (black line) before and after PAS and PAS-C. However, following PAS and not PAS-C, MI significantly increases further. Error bars: ± 1 SEM.
our findings confirm CEA potentiation, it is possible that other ISIs can produce more robust potentiation given that some projections from the somatosensory cortex to the DLPFC are multisynaptic (Miller and Cohen, 2001) . Other ISIs could also result in less variability in the timing of CEA potentiation. Systematic evaluations of various ISIs could be investigated in future studies as well as the use of individualized N24 to determine ISI for each participant. Determining individualized ISIs is also consistent with the literature on PAS in M1, and could result not only in less variability with respect to the timing but also in the degree of potentiation, which is also observed in M1 (Muller-Dahlhaus et al, 2008; Stefan et al, 2004) .
Another limitation is that, whereas our findings support an LTP-like nature of CEA potentiation, pharmacological studies need to confirm its relationship to NMDA as it has been demonstrated with PAS in M1 (Stefan et al, 2002) .
In conclusion, using PAS and TMS-EEG, we report PASinduced potentiation of CEA in the DLPFC. Such potentiation was charactericized by anatomical, temporal, and frequency specificities, and may be related to LTP-like activity in this brain region. Future studies combining this paradigm with neurocognitive tasks and/or functional imaging, and contrasting it with other plasticity paradigms may further elucidate the role of DLPFC plasticity in cognition or help to identify future illness and treatmentrelated biomarkers for severe neurological and psychiatric disorders.
